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Descrlptlen 

BACKGROUND OF THE INVENTION 

[00011 Aluminum oxida coatings deposited on cemented carbides generally with either an Intennedlate coating of 
one or more of TIC, TI(C,N), TIN compounds or a gamma-phase enriched substrate ar© well-known; Products-made 
according to, lor example, Hale (U.S. Reissue Patent No. 32,110) and Undstrom et al. {U,S-Reissua Patent No. 31 , 
526) describe such products which have enjoyed considerable commercial success in their use as inserts :foE metai 
cutting. • - ^ - 

[00021 In my earlier U.S. Patents S,137.774-.and 5.162.147, the disclosures of both of which>ar© herein incorporated' 
by reference, there are describecJ particular coatings of k phase alumina ancb^or a and k phase alumina including multi- 
layered coatings. While such products offer significant improvements over single layer a and/or K: alumina coated 
cemented carbide inserts, there is a further neied for optimization of such, products. 

[0003] It Is also Known that a K-alumina coating can.be heat-treated to con>3^rt>the itform to the orform. Such aheat 
' treatmentis disclosed In U.S. Patent5,071 ,69S, herein Incorporated by "reference, andprodiicesiifihe-gralnedstruclai^" 
: of tha .K-alUmina.. The heat treatment, however, can lead to shrinkage which can -lead to. cracks' Inr. ft e;coating-and 

possible loss by flaking of sonrie or all of the coating la^er. 

[0004] ifftere is thus a need forfurther improvements/.in the. production of aluminarcpa^ed cemented/carbide bodies. 
[0005] In EP Publication 6 603. 144 Al there Is disclosed an alumina-coated cemented carbide body in whteh the 
alumina coating surface is smoothened by wet blasting. 

• BRIEF-DESCRIPTION OF TViE DRAWINGS ' ■ ' 

[0006] FfG. 1A is a Scanning Electron Micrograph (SEM) (10000X) of the surface of acemented carbide body as 
coated with a K-alumina layer; - . . • 

..[0007] FIG. IBisanSEM (lOOOOX)ofthebpdy of.frlG. lAafterlthasbeenwetblasted. 

' [0008] .FIG. 1C is an SEM (1 OQOOX) of the body of FIG. 1 A after it has been heat treated at 1 050*»C for 1 00 minutes. 
[0009]. FJG. ID isan SEM {ipoooX) of the body of FIG. 1A after it has- been wet blasted and then heat treated at 
lOSC^C for 100" minutes. . ; ' ' . 

[001 0] FIG. 1 E Is an SEM of the body of FIG. 1 D at ^COOOX. 
[0011] FIG. IF is an SEM of the body of FIG. ip at StOOOX. 

[0012] FIG. 2 is a photomicrograph (500X) qf a K-atUmina coated cemented carbide insert head . treated at 1050?C. 
for 100 nilnutes^wlttioutwet-blastlng before the heat Oaeating. 

[0013] FIG. 3 is a graph of chipping resistance for rtietal cutting inserts of bodies made with various combinations 
of coating, heat treatment ahd wet blasting! . 'V 

OBJECTS AND SUMiy^ARY OF THE INVENTION 

[001 4] It Is an object of this Invention to avoid or alleviate the problems of th^ prior art.^ 

[0015] it Is further an object of this Invention to provide a multilayered alumina coated cemented carbkiff Insert having 
significant operating advantages. 

[0016] According to the invention as daimed.in daim1.there.is provided aimethod for producing a multilayered 
alumina coated cemented carbide insert comprising depositing a K-alumina coating on a cemented .pafbjde substrate, 
wet blasting the surtace of the alumina coating and heat treating the wet-blasted K-alumina surface at a temperatuce 
of 900'C-1100"C for 0.3-10 hours to convert the wet-blasted K-aiumina to a-alumina. • . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS QF THE' INVENTION 

[0017] According to the prefenred embodiment of ttie present lnvention,.a cemented carbide substrate has a tfiln k- 
alumina coating fomried thereon in accordance with krown techniques such as those described in my eariler patents 
mentioned above. The coated body Is then wet blasted*tndthen subjected t» a heat treatment to convert the-K-alurrtna- - 
to a-alumlna according to -claim 1 . The heat treatment can be performed at a temperature of from gocc-ll 00*C for 
0.3-10 hours in a protective gas atmosphere as known to the skilled artisan. 

[001 8] Thereafter, at least one other alumina layer (either k- or a-alumina) can be applied onto the resulting alumina 
layer. If further K-alumina layers are deposited, they also may be wet blasted and, If desired, heat treated to convert 
the K-form to a-alumina. 

[Wn 9] The substrate of the present Invention Is a hard metal or cemented carbide as known In the art which comprises 
a major part of ttie metal cartDlde, such as tungsten cariaide, wtth minor additions, if desired of, for example, TiC, NbC. 
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HfG, VC or the like, with an iron group metal binder, preferably cobalt Often..and prior to the deposition of the alumina 
coating, ^e cemented carbide Is first coated with a thin Intermediate layer of a wear resistant carbide, nitride, carbon- 
itride, carboxlde, carboxynftride and/or boride of on© or more of the elements TT, Zr, Hf, V, Nb, Ta, Or, Mo. W, SI and/ 
or B f^aving a thickness of from about 1 -5 iim, preferably about 3 .um. TiC, TIN; and/or Tr(C,N) are preferred. 
5 [0020] The alumina layer thereafter applied can be up to about 1 .5 jim thick; preferably from about 0.5 -1 iim thick. 
The alumina Jayer(s) ultimately applied thereafter are also of the same thickness.wlth .the total thici^ess being .up to 
about .15,Min. . * , . 

[0021] It has-baen found that when K-alumina is to be deposited that the underlying alumina layer (whether a or k) 
shoukj contain a thin modlfteation layer to insure the nucleation of ic-aiuminum.as the next coating. A modification layer 
10 is not necessary (and is generally deleterious to adhesion) between the thin intermediate layer (e.g., TiO; T\H, and/or. 
Ti(C,N) and the first K-aiumina layer. The modification layer is a thin (0.05-0.5 nm;.preferably about 0.05-0.1 .am) sudiace . 
oxidized layer, for example, of {A\y^Tiy){O^C^ deposited via CVD where y and x are from 2^4 and z and w are.from 
0.6-0.8... 

[0022] The nriodiflcatlon layer may also contain nitrogen, e.g.. (AA^'T\)(0^jN^) where x and y are from-2-4 and w* 
IS and'i and u are from 0.6-0.8. In addition; 'ttie layer may have a homogenous chemistry or may preferably have: a 
nitrogent gradient that varies throughout ite:thickness with the maximum mtrogen content in the ^iddle of the. modifi- 
cation layer. 

[0023] ' Wet blasting is periormed as known to the skilled artisan, using, for example, alumina particles of relatively 

small particle size, for a time sufficient to smooth the surface of the alumina coating applied under prcssur-e. Specific 
20 parameters can be determined by the skilled artisan by examination of the surface after particular treatment. 

[0024] Heat treatment to convert the x-fonm to a-form is ajso wefl-knowri (see U.S.* Patent No. 5,071 ,696) and can 

be performed at a temperature of 900**C-1 1 0O^'Ctor 013-1 0 hours, preferably 1 -4 hours, preferably In a protective gas 
' atmosphere. ... 

[0025] If has surprisingly been found that the chipping resistance of a multilayer cemented" carbide body made 'In 
2s accordance with the present invention Is considerably better than that of a K-alumlna coated cemented carbide body* 

as well as that body after a heat treatment to convert the K-form to a-form and- that body surface blasted afterheat 

treating (6ee FIG, 3). The cutting perfomiance IS. also improved. 

[0026] The edge toughness of coated bodies made according to the present invention isr- substantially .better than 
that of cemented caitiide bodies made with a directiy deposited a-alumina coating/ 
3o ' ' [po'sfjl TKe coated inserts of the present Inventibn'display afinergrain'size (approaching nanocrystalllne)than directly 

deposited ci^aJumlna coating. Also, they have a piieferred growth orientation: according to x^ray difTraction-analysis of 

SOd'tthick oxide) and 100 (thin oxide), a high transverse rupture strength 'and*afirfe crack network in tho coating.- . .. 
• [(M)28i Qoating of the alumina layers may continue until a desired nymbet '^f coating layeraare fomned, substantial . 
inriprov^T^ents can be obtained with 6-8 alunairia; I ayers.^^ ^ '-.'-'r *■* •. * 

*3S5 [002d] Atop the butemnost layer of alurhina there may be applied sh optional *TiN' layer for decorative pgcposes. This.. 
.TiN layer can have a thickness of from 0.5-2 Jim, preferably about 1 jxm. 

[0030] The morphology of coated cemented carbide inserts can be seen in 1=^I13S. 1 A-1 F. FIG. 1 A shows a cemented 
carbide body with a K-aiumina coating in the as-coated condition. FIG. IB shows that coated body after it has ^een 
blasted with 150 mesh AI203 particles in water applied at 2-6 bar. 

[0031] FIG. 1C is an SEM of a cemented carbide body coated with a ic-alumma layer (about 1 ^m thick).and then 
heat treated to convert the coating to the a-forrfi (JOSO'C for 100 minutes) with' no-;intermedlate surface blaating:>IG. . 
1 D is. an SEM of a similar body which was blasted like the body of FIG. 1 B' and then heat treated at 1 050*^0 for-1 00 
minutes. Note the absence in FIG. 1 D of the large cracks as in FIG. 1C and themuchfiner gfain size In FIG. ID; 
[0032] FIGS. 1 E and IF show the surface morphology of the body of FIG. 1 D at higher magnifications^ <20000X- and 
31 OOOX, respectively). Again, the fine-grained and fine-cracked surface Is evidient, 

[0033] FIG. 2 shows at 500X the surface of a cemented carbide body with a lci-alumina fonnedxwithout an intenmediate 
surface blasting. The k a transfomnation is uneven and starts frem the themrial cracks.* The k--^ a trensfonnatlon is 
not complete. In a similar body which was wet blasted as described above prior to heat treatrrient, the k -* a transfor- 
mation was complete after the same time (1 00 minutes), was more uniform and resulted In a* finer grain size. : 

so [0034] The presence of the fine cracks In the coating of the present invention may be the result of stres-? relaxation 
or the absorption of larger cracks. Regardless, and I do not wish to be kjound lo any-particular theory/ -he present- 
invention results In a higher transverse rupture strength as compared to the body with the original K-aiumina coating. 
[0035] The invention Is additionally illustrated in connection with the following Examples whk:h are to be considered 
as Illustrative of the present invention. It should be understood, however, that the invention is not limited to the specific 

ss details of the Examples. 
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Example 

[0036] Commerclai cemented carbide Inserts ot a composition 86.5% WC, 6% TaC, 2.5% TIC and 5.5% Co are 
coated under the following coating conditions: 



Step 1 , T1 Coatihg 



20 
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so 



3S 





Gas Mixture 


Balance 


Duration 


Temperature 


Pressure j 


10 • 


,.11Cl4;3.5 % 


• Ha 


200 niinutes 


1020''C 


SOmbar | 


CH4.:5.5 % 











Step 2, Alurnina jpoating 



I^Qas Mixture- 


Balance 


* Duration 


Temperature 


• Pressure 


r AlClgS.I % 

cOgi-a.z^/t 

■H2S;0.02r% 


' Hi " 


90 minutes 


lOOO'-C 


50 m&ar 



resulting In a x-alumina coating of about 1 fim thiclcness. 
Step 3, Blasting 

The K-alqmina coated Inserts of Step 2 are surface blasted with a water suspension of 1 50 mesh AI2O3 par-* 
tlcles.;;. - 

Step 4, Heat Treatment 

The blasteg. inserts of Step 3 are heat treated at 1 p60*'C for 1 00 .minute,s. under an atmqsphere-of argon. 

[0037] These, inserts are compared in a cutting test done on SS 0130 steel with a cutting^speed of 200 mAnin wrth 
similar Inserts made with, as-coated K-alumlna coating (Steps 1 and 2), iriserts made with a heat-trjeated ic-alumlna 
poating (Steps 1^2 and 4) and inserts made with surface blasting after heat-treatment (Steps i, 2,. 4. and then .$).. . 
[,0038] After 1 ,3 and 6 minutes, the inserts are examined for the percent of chipped area^on the surf ace ^f thec6atlng< • 
[The results are graphically presented In FIG. 3. It can be seen that there* are na chipped areas, on the. inserts, of the 
.'present inventiori whfle those corhparative inserts show increasingly greater amounts-^df. clTipped:acea5..Tli^e latter- 
Ihserts are thus Increasingly less useful as metal cutting Inserts, : . . : : 
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Claims 
1 



A metiiod for produdhg'a muttircoated'sinterecl cemented carbide body having'a substrate of at least.qrie metal ' 
carbide and a binder metal comprising depositing a thin surface oxidized modificatlpn layec pa said body when, t^e^ ' 
surface cbmf>nses ah alumina layer and ^p^ositing a ic-alumina on said -layer^ wei blasting .the surface of the- 
alumina cpatirig\entfrely; and heat treating the wet-falasted ic-alumlna surface at a tenipdnature of 9Q0^*-t1 00**C for . 
0.3-1 0 hours to convert the wet-blasted K-aluiTiina to a-alumh^^ - ' • * 

The method of claim 1 » wherein said modification layer is a layer of (AixTiy) (O^CJi where y and x are from 2-4 and 
z and w are from 0.6-0.'8. 



50 



55 



3. The method of claim 1 , wherein the said modification layer also contains nitrogen, e.g. {AlxTiyXQ^C^Nu), where x 
^ and y are from 2^ and vy and 2 arid u are from 0.6-0.8. 

4. The method of claim 1 comprising depositing another alumiria layer on the heat treated alumina layer 

5. The method of ciatm 4 wherein tlie said another alumina coating comprises K-alumina on another thin surface 
oxidized modification layer. 



8. The method of claim 5 wherein the said ic-alumlna layer is wet blasted. 
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7. ' The method of claim 6 wherein the wet-blasted layer is thereafter heat treated to convertthe x-salumina to a-alumina. 

8. The method of claim 1 wherein five to seven other alumina layers are deposfted on the heat treated alumina layer 

9. The method of claim 1 wherein the heat treating is perfomned for 1-4 .hours. 

• * ^ - 

10. The method of claim 1 wh^^eln the'weftfbiastihg comprise^. ^plying :a- water suspension of ^AljOg particles.- at-a' 
pressure of about 2-6 bar to the coated, surface.. ■ > 



11, . Method. of claim 1 wherein\arTi outpmiosfclayef of*titsu^ium.'/»tiac^^^^ of 0.5r2|i'is depos(tedM.!.tOFi: 

of said muldrcoated hqsfy^^ ■ O'.* . \ ■ ' * \, • 



1 bipidy. 



PatetiiansprQclie 



1 . V Verfahren^zyc Hersteftung^^^^ rnehfe^iqht;i^en;ge^ip eipem SubstratatJs.*ytfenigstensf- 

. eihem Metiillcarbld upd "e^^^^ dQnnen auf denpbertlachkoxtdietrten Modi-r 

fikationsscWeht auf deiTi,K6tper, wenri'dlQ^ Gtierflache eih^^^ Aiuminlumoxfxfschicht umfaBt, und>Abst?heidung.vor>-: 
K-Alumlniumoxid aiiif dieser Schfchtrnas^ gesamten Obertlache der Aluminiijmwddbe^- 

schichtung und Hitzebehandlung der na6 sandgestrahiten K-AIuminiumoxidobeif iache bei einer Temperatur von 
90P.bls 11GQ "C wehrend 0.3 bis 10 h, Urri'd^s riaQ fandgesfrghlte K-Aluminiumoxia in a-AIUminiumcrxid urnzu- 
wandeln. '• t-: ' ' r['< \y ...-, * •• • 

2. Verfahren nach Anspnjeh 1, bei dem die Mddffikatlonsschlcht ^ne Schicht von (Al^. Tiy)(O^C2) isf,:WOrtn y und x - 
2 bis 4 und z und w 0:6 bis 0,8 bedeuten. . ' 

3. Verfahren nach Anspruch 1 , bei dem die Modifikationsschicht auch Stickstoff enthalt, wie beispielsweise (Al^Tiy) 
(OyC^y), worin X und y 2 bis 4 sind und w und z und u 0,6 bis 0,8 bedeuteri. . . . i 

4. Verfahren nach Anspruch 1 unter Abscheidung einer anderen Aluminiumoxidschicht auf der httzebehandelten 
Aluminiumoxidschicht 



5. Verfahren nach Anspruch 4. bei dem die andere Aluminiumoxidschicht K-Aluminiumoxld Oder eine andere-dOnne 
auf der Obertlache oxidierte Modifikationsschicht umfaBt. 

6. Verfahren nach Anspnjeh 5^^ . • ; ' • • 

7. Verfahren nach Anspruch k\ bei dem die- had sandgestrahlte Schbht anschlteBend hltzebehandett Wlrd,- unrn-das-- 
K-AluniiniumoWd In bt^AlurrtinlumQXiCI uHfv^ v • ' : • .^v ' 

8. . Verfahren nach AnspTuctjvt/bei dem a;nd|ire\AjumlniUm0xldschicht6n a^ 

AluiTilniumobcicteciilch^^^ ••'.>- • ••{'*•.. 

9. . Verfahren, riach Anspnich't,. bei d^^ 

1 0. Verfahren nach Anspruch 1 ..bei derti '(jjas^nasse San^strahfen die Aufbringung einer Wassersuspension voii N^^y ■ 
Teilchen bei einem Omck von etwei 2 bi3 '6 bar, auf der bescHteliteten Obe'rf ISche umtaBt. 

11. Verfahren nach Anspruch t;.bel denn eIne SuBerste Schicht von Tltannllrid mit«lner01kke Von.'Oi5 bis 2 ^m oberi ■ 
auf dem meh'^chtchtigen Korper aibgeschieden wird. 



Revendicatio ns 



1. Proc6d6 pour produire un corps de carbure c^mente fntt6 multicouche ayant un substrat d'au moins un carbure 
metailique et un m^tal de liaison comprenant le d^pot d'une couche de modification oxyd^e en surface mince sur 
ledit corps lorsque la surface comprend une couche d'alumine, et le d^pdt d'alumine Ksur ladtte couche, le sablage 
humide de la surface du rev§tement d'alumine enti^rement et le traitement themiique de la surface d'alumine < 
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• ayant subi le saWage humide ^ una temperature de 900-C d ItOO^C pendant 0.3 6 10 heurea pour convertir 
ralumine k ayant subi le sablage humide en alumina a. - 

2. Proc6d6 selon la revendication 1 , dans lequel ladlte couche de modification est une couche de (ALTL)(0 CL) ou 
xety.yalentde2^4etzetwvaleHtdeO,6ko,8. . ^ 

3. Precede selon la revendication 1 , dans lequei ladite couciie de modification contient dgalement de I'azote, par 
exempia (AlxTiyXO^C^Ny) oCi x et y valent de- 2 ^ 4. et z et w et u valont de 0.6. & 0,8. 

4^ Precede selon la revendication 1 comprenantle d6p6t rfune autre couche d^iaFumihesur la couche tfaluraine trait6e 
themiiqueroenti. 

5. Procede selon la revendication 4. dans leqijei ledrt autre revdtement d'alumine comprend do Talumlne k sur une 
. autre.couche .de modification oxyd6e en surface mince. 

6. '-: Procade selon-fe rpvendication 5. dans lequel on irdaltse un- sablage humide ^ur.ladita couche d'alumine ic 

\f)r. • - • - . 

..jJl; . • 

7-- Procade selon lavrevendiciatlon 6, dans- lequel la couche ayant subi uri sablage-;humide estensuite traitee thennk . 
quemeht pbur convertir Talumlne k en alumlne a. 

8. PrbcSde selon la . revendication 1, dans lequel on depose cinq k sept autres couches d'alumine sur la couche 
. rfalumlne trait6e.thermlquemenit. 

9^ Proc&ld selon la revendlcation 1 . dans tequel on realise le traitement thermique-pendant .1:^ 4heures. 

I. 0. Proced6 selon larevendication 1 , dans lequel le sablage humide comprend rappllcaflbn.tfunfi suspension aqueuse 

de particules de AI2O3 a une pression d'environ 2 ^1= 6 bar sur la surface rovdtuev 

II. Procade selon (a revendication 1 , dans lequel on depose une couche exteme demifrure detitane avec une epais- 
seur de 0,5 ^ 2 jun sur ie dessus dudit corps multlcouche'. 
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